Background: Spinal anesthesia with sedation is a common anesthetic technique in infraumbilical surgeries. Dexmedetomidine has been widely used as a sedative during spinal anesthesia, and is recognized as an adjuvant that prolongs the duration of spinal anesthesia. We compared the effects of a continuous intravenous infusion of dexmedetomidine to provide intraoperative sedation on the duration of sensory and motor blockade induced by spinal anesthesia, with those of midazolam. Methods: A double-blind randomized controlled trial was performed on 40 patients, aged between 20 and 75 years, who requested intraoperative sedation, and were classified as American Society of Anesthesiologists (ASA) physical status I-II, and underwent elective surgeries under spinal anesthesia. After spinal anesthesia with 13 mg (2.6 ml) of 0.5% hyperbaric bupivacaine, patients were randomized to receive intravenous dexmedetomidine 3 μg/kg/h for 10 mins followed by an infusion of 0.5 μg/kg/h (Group D), or intravenous midazolam 0.15 mg/kg/h for 10 mins followed by an infusion of 0.025 mg/kg/h (Group M). Sedation was titrated to Observer's Assessment of Alertness/Sedation (OAA/S) score of 3. Sensory and motor blockade was evaluated using the pinprick test and modified Bromage scale, respectively. Results: The time taken to achieve OAA/S score 3 was similar in the two groups. The maximal level of sensory blockade was 5.3 ± 1.3 min in group D and 4.1 ± 1.5 in group M (P = 0.03). No significant differences were observed in the time taken to achieve the maximal level or the two-segment regression time of sensory blockade between the two groups. 
Introduction
Spinal anesthesia is a common anesthetic technique in infraumbilical surgeries, and sedation is often performed during spinal anesthesia [1] . Midazolam, which is a benzodiazepine sedative, has been used intravenously to provide sedation during spinal anesthesia, and dexmedetomidine is now being more widely used [2] . Dexmedetomidine is a highly selective α2-adrenergic agonist that induces higher quality sedation than other γ-aminobutyric acid receptor (GABA) agonists (propofol and benzodiazepines) without severe respiratory depression [3] .
Furthermore, dexmedetomidine exerts its analgesic effects via the activation of α2-adrenergic receptors in the spinal cord, and has been employed as an intrathecal adjuvant to local anesthetic [4] . However, intravenous dexmedetomidine also significantly prolonged the duration of sensory blockade induced by bupivacaine spinal anesthesia [5] . This finding indicates that not only the intrathecal administration, but also the systemic administration of dexmedetomidine alters the duration of spinal anesthesia from that with intravenous midazolam. Dexmedetomidine as a sedative agent during regional anesthesia is administered via continuous intravenous infusion following an initial loading dose. However, few studies have investigated the effects of dexmedetomidine as a sedative on the duration of blockade induced by bupivacaine spinal anesthesia. Therefore, in this prospective double-blind randomized controlled trial, we compared the effects of the continuous intravenous infusion of dexmedetomidine to provide intraoperative sedation on the duration of sensory and motor blockade induced by bupivacaine spinal anesthesia, with those of midazolam.
Patients and Methods
This study protocol, performed between October 2013 and March 2017, was ap- under spinal anesthesia were enrolled. Patients were excluded for any of the following reasons: no request for sedation during surgery, contraindications to spinal anesthesia, pregnancy, obese patients (body mass index > 30), patients with cardiovascular (including arrhythmia), respiratory, hepatic, renal, neurological, or psychological diseases, the use of any analgesics or sedative drugs, and a history of alcohol abuse. No patient received premedication. An intravenous line was inserted at a hospital ward, and the administration of extracellular fluid was initiated. On arriving at the operating room, standard hemodynamic monitoring was performed, including electrocardiography, pulse oximetry, and non-invasive blood pressure measurements (BSM-6501, 1763; Nihon Kohden Co., Ltd., Tokyo, Japan). Patients were placed in the lateral position and dural puncture was performed at the L3-L4 interspace with a 25-G Quincke needle. After ensuring the free flow of cerebrospinal fluid, 13 mg (2.6 mL) of 0.5% hyperbaric bupivacaine was injected intrathecally. Patients were then turned to the supine position and received oxygen 4 l/min via a facemask throughout the procedure. Patients were randomly and equally divided into two groups: group D (dexmedetomidine group) and group M (midazolam group), using random numbers generated by a computer. Dexmedetomidine and midazolam were diluted with normal saline to a final volume of 50 mL (4 μg/mL and 0.2 mg/ml, respectively) in 50-mL syringes. These syringes were masked with black tape by an anesthesiologist who was not involved in this study. Five minutes after dural puncture, group D patients (n = 20) received a loading dose of 3 μg/kg/h of dexmedetomidine (200 µg/50ml) for 10 minutes (equal to 0.5 μg/kg over 10 mins) followed by a maintenance dose of 0.5 μg/kg/h intravenously. Group M patients (n = 20) received a loading dose of 0.15 mg/kg/h of midazolam (10 mg/50ml) for 10 minutes (equal to 0.025 mg/kg over 10 mins) followed by a maintenance dose of 0.025 mg/kg/h intravenously. The Observer's Assessment of Alertness/Sedation (OAA/S) scale was used to evaluate the sedation state [6] (Table 1 ). The score was reevaluated appropriately throughout the procedure. The infusion rate was decreased to half or increased 2-fold in order to maintain OAA/S score 3 at the maintenance dose. Levels of sedation were assessed at 5-min intervals until OAA/S score 3 was achieved and when the sensory blockade level was being assessed. The sensory blockade level was assessed by the pinprick test at 2-min intervals until the maximal level of sensory blockade was achieved, and then at 15-min intervals until regression to the L2 level. Motor blockade was assessed by the modified Bromage Scale [7] : modified Bromage 0, able to move the hip, knee, and ankle; modified Bromage 1, unable to move the hip, but able to move the knee and ankle; modified Bromage 2, unable to move the hip or knee, but able to move the ankle; and modified Bromage 3, unable to move the hip, knee, or ankle, and was checked at 15-min intervals (immediately after the sensory blockade assessment) until regression to modified Bromage score 1.
Patients with hypotension (systolic pressure < 80 mmHg) were treated with fluid replacement and intravenous ephedrine at bolus doses of 4 mg, while those with bradycardia (heart rate < 50 beat/min) were treated with intravenous atropine at 0.01 mg/kg.
Statistical Analysis
In order to detect a 20-min difference in the mean duration of sensory blockade with a standard deviation of 20 min (α = 0.05, β = 0.02), a minimum sample size of 17 in each group was estimated using G * power software (version 3.1.7) based on previous findings [8] . Data were analyzed statistically using GraphPad Prism 5.0 software. All data were presented as the mean and standard deviation (SD) or the number of patients with percentages. The unpaired t-test or Mann-Whitney U test was used appropriately for intergroup comparisons. Probability values of P < 0.05 were considered to be significant.
Results
Spinal anesthesia failed in two patients in group D and one in group M. Furthermore, one patient in group M was changed to general anesthesia for surgical reasons. Therefore, two patients in each group did not complete the study. No significant differences were observed in age, weight, height, the duration of surgery, duration of anesthesia, or type of surgery between the two groups ( Table   2 ). Table 3 shows the OAA/S scale scores and characteristics of sensory and motor blockade. The time taken to achieve OAA/S score 3 was similar in the two groups. The maximum upper levels of sensory blockade in groups D and M were 5.3 ± 1.3 and 4.1 ± 1.5 min, respectively, and it was significantly lower in group D than in group M (P = 0.03). However, no significant differences were noted in the time taken to achieve the maximum upper levels of sensory blockade between the two groups. The times for the two-segment regression of sensory blockade were similar in the two groups. The times for regression to the L2 level of sensory blockade in groups D and M were 234.6 ± 78.1 min and 172.4 ± 41.5 min, respectively, and it was significantly longer in group D than in group M (P = 0.008). No significant difference was observed in the time taken to achieve the motor blockade of modified Bromage score 1 between the two groups; however, the time for the regression of motor blockade to modified Bromage score 1 was significantly longer in group D than in group M (P = 0.02). Ephedrine and/or atropine were used for hypotension and/or bradycardia in ten patients in group D (56%) and five in group M (28%) (P = 0.11); however, significant hemodynamic changes caused by the study drugs were not observed in any patients. Furthermore, appreciable respiratory depression was not detected in any patients.
Discussion
The present results demonstrated that the intravenous administration of a loading dose of dexmedetomidine followed by continuous infusion at a maintenance dose, for sedation during spinal anesthesia, prolonged the duration of both sen- [14] . However, the addition of epinephrine, an α-adrenoreceptor agonist, to a bupivacaine/opioid mixture significantly lowered the maximum upper level of sensory blockade [15] . Dexmedetomidine, which is also an α-adrenoreceptor agonist, may exert similar effects. Two different single doses of dexmedetomidine (0.5 μg/kg and 1 μg/kg over 10 mins) resulted in a slightly lower level of sensory blockade in the dexmedetomidine group than in the saline group [16] . We were not able to elucidate the mechanisms responsible for this result in the present study; however, we do not consider the clinical meaning of the result to be significant because the difference in the maximum upper level of sensory blockade is only one dermatome.
Our results showed that the time for two-segment regression was similar in the two groups; however, a significant difference was observed in the time for that in the other three investigators' protocols. Therefore, a high plasma concentration of dexmedetomidine in the early phase may mediate the prolongation of the two-segment sensory regression time. Moreover, the predicted plasma concentration from 15 minutes onward was higher than that in the study by Kaya FN et al. [5] , and gradually became similar to those in the other two studies [8] [10]. This change in the predicted plasma concentration may have led to the result obtained for the regression time to the L2 level of sensory blockade in the present study. The initial loading dose of dexmedetomidine was suggested to be 6 μg/kg/h for 10 minutes (equal to 1 μg/kg over 10 minutes). However, in our pilot study, excessive sedation occurred after the suggested initial loading dose in some patients, and, thus, it was set to 3 μg/kg/h for 10 minutes (equal to 0.5 μg/kg over 10 minutes). Therefore, if dexmedetomidinedose-dependently prolongs the duration of spinal anesthesia, the suggested initial loading dose of 6 μg/kg/h for 10 minutes may prolong the time for the two-segment regression of sensory blockade, similar to the simulation of the two other continuous infusion protocols. However, the administration of single-dose intravenous dexmedetomidine before undergoing spinal anesthesia did not appear to have a dose-dependent prolongation effect on sensory blockade [16] . Further studies are needed in order to investigate the contribution of the dexmedetomidine dose and its prolongation effect on the duration of spinal anesthesia.
In the present study, continuous intravenous dexmedetomidine significantly The mechanisms underlying the prolongation of motor and sensory blockade induced by the administration of dexmedetomidine remain unclear, and the different infusion protocols for the administration of dexmedetomidine may affect the duration of motor blockade. On the other hand, we consider the prolongation of motor blockade to not necessarily be desirable due to the extension of the time until early ambulation and discharge, whereas the extension of the duration of analgesia is clinically favorable.
In patients who received continuous intravenous dexmedetomidine following an initial loading dose, bradycardia was a more common hemodynamic adverse effect than hypotension [14] . Previous studies by Tekin M, et al. and Rekhi BK, et al. showed that bradycardia occurred in the first 15 -20 mins after the initiation of administration [8] [10] . Therefore, the rapid increase observed in the plasma concentration of dexmedetomidine induced by the initial loading dose (Figure 1 ) appears to have caused bradycardia in the initial phase of administra-tion [23] . In the present study, no significant differences were observed in the percentage of patients administered the cardiovasoactive drugs between the two groups, and the loading dose set to 3 μg/kg/h in our protocol may have influenced this result. Nevertheless, previous studies indicated that bradycardia was transient and easily reversed with intravenous atropine [10] [11] [12] [20] .
There are several limitations in the present study. The sample size was small, and thus, a larger sample size needs to be examined. Furthermore, a physiological saline group was not included in the present study. Talakoub R, et al. reported that 0.03 mg/kg of intravenous midazolam significantly extended the duration of the motor blockade of lidocaine spinal anesthesia over that with saline [24] . Therefore, the addition of a saline group as a placebo may be preferable for observing the effects of dexmedetomidine itself on the duration of spinal anesthesia.
Conclusion
Continuous intravenous dexmedetomidine to provide sedation during surgery significantly prolonged the duration of sensory and motor blockade induced by bupivacaine spinal anesthesia and lowered the maximal level of sensory blockade over that with midazolam.
